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the addition of quantitative criteria have established the definite value of the electrocardiogram in the diagnosis of left and right ventricular hypertrophy.f9 On the other hand, the fruitful recognition of isolated left or right ventricular hypertrophy has not been matched with similar success when attempts were made to recognize combined ventricular hypertrophy. [10] [11] [12] In fact, most clinicians have reserved only a supplementary role for the electrocardiogram in the diagnosis of biventricular hypertrophy.
The following investigation was undertaken to determine the accuracy of the corrected electrocardiogram and the usefulness of newer computational technics in the diagnosis of biventricular hypertrophy.
Circulation, Volume XXXIX, January 1969 Methods The records used in the present study were obtained through a cooperative study by eight Veterans Administration Hospitals. The Frank lead system'3 was used, with electrodes placed in the fourth intercostal space. Analog-to-digital conversion and details of the computational procedures have been reported previously. '4 An autopsy sample of 87 cases considered to be representative of patients with biventricular hypertrophy (BVH 1) forms the basis for this study ( "Cclinical" RVH sample of 113 records obtained from patients with clinical and hemodynamic diagnosis of pure mitral stenosis.
The electrocardiographic measurements for separation of the groups were selected from a total of 333 items which included practically all scalar and vectorial parameters proposed in the past by various investigators.1" An attempt was made to determine the best discriminators of the various pathological entities. These discriminators were chosen first by selecting candidates by ttest. Only a crude selection can be obtained by this procedure: (1), The t-test is based on the assumption of normal distributions which are rarely found for ECG data. (2), The discriminative power of combinations of variables can be missed, as shown in figure lB. For multivariate analysis the final selection of measurements was made, therefore, by linear discriminant function analysis.16 17 To select single discriminators for use in sequence, as is commonly done in ECG analysis, a large number of candidates were compared side by side. Using 96 percentile ranges of normal, measurements were selected according to the number of abnormal records exceeding those ranges. In this side-by-side comparison it could be determined whether measurements contributed additional information or whether they were redundant.
When a large set of measurements is available, special attention must be paid to the adequacy of sample size. If the sample is not several times larger than the number of measurements, unrealistic discrimination rates will result. Previous studies14 have indicated that a number of discriminators greater than the square root of the sample size leads to overly optimistic results.
The first set of ECG items consisted of scalar measurements which can be reproduced by every electrocardiographer. The second set included, in addition, parameters derived from planar vectorcardiograms. By using the 96 percentile ranges of the comparative groups (N, LVH, and RVH), cases were classified as BVH when they were found to lie outside one or more of these limits. Finally, separation between the BVH samples and others was attempted by the likelihood ratio test. 14 We shall outline briefly the method used for the multivariate analysis, and refer the reader to the "Appendix" for the mathematics of the procedure. Let us consider the case in which there are only two diagnostic groups as in figure IA.
If measurement X is going to be used for discrimination between the two groups, the members of both groups can be displayed in the form of histograms along the axis X. It can be visually fig. 2) . The use of simple scalar ECG parameters, namely QRS amplitudes and ratios, demonstrates that five items are the maximal number that will provide independent information. Using those five ECG parameters, 56% of the BVH sample was correctly classified. To our knowledge, these are the highest figures hitherto reported in the literature. It is noteworthy that in a comparison of a clinically selected BVH sample and a normal group, Kovats-Hopff and Wyss,23 using eight vectorcardiographic parameters, were able to recognize only 46% of their cases.
The findings related to the Q amplitude and Q/R amplitude ratio in lead Z deserve special comment. It is known that in children with high-flow ventricular septal defects, the evidence for BVH is given by the increased magnitude of the R wave in both, right and left precordial leads.24 Similarly, Rosenman and associates,10 studying patients with BVH due to rheumatic heart disease, pointed out that "in records primarily indicative of Circulation, Volume XXXIX, January 1969 left ventricular strain, changes due to concomitant right heart strain, that is, tall R waves in VI and V2, are diagnostic of BVH." On the other hand, in our series, composed of patients above 40 years of age with a variety of cardiac diseases, the mean value for Q amplitude as well as the Q/R amplitude ratio in lead Z was below the normal control values. These differences call our attention to the particular ECG characteristics of certain cardiac abnormalities even though under the common denominator of BVH, and to the necessity of larger and more homogeneous groups for ECG classification.
The subsequent use of a multivariate analysis, thus using more fully the capacity of the computer to perform complex statistical operations, led to a further improvement in the separation of normals and BVH records. An improvement of 7 percentage points leading to 80% in correct classification, and a reduction by 3% of false positives indicate the advantages of the new procedure.
Differential Diagnosis of BVH from RVH and LVH From a practical standpoint it is not sufficient to separate BVH records from normals. A separation from RVH and LVH has also to be included to make the differentiation clinically meaningful.25
As shown before in the BVH-N classification, the separation between BVH and LVH, and between BVH and RVH using 96 percentile ranges was better when vectorcardiographic in addition to scalar parameters were considered. APPENDIX Linear discriminant function analysis may be used to select from a very large set of ECG measurements a subset to use for discriminating between groups. The measurements from the sample population are projected onto an axis which maximizes separation of the groups in the sense that the ratio A/W is maximized (fig. 1B) . In this ratio A represents a measure of the "between group variation," and W, a measure of the "within group variation." The calculation of the relative contribution of each measurement to this projection allows one to determine which measurements contribute to the separation of the groups.
The computational procedure is briefly outlined below. A more detailed discussion has been given elsewhere.26, 27 We assume the total variation of our sample 300 Years Ago Red Colour From Air In The Lungs It is certain, then, that the difference in colour, which is found between venous and arterial blood, is quite independent of the heating of the blood in the heart (even if some such heating must be conceded there); for, granted that heating does occur chiefly in the heart, then, as the function of both ventricles is the same, and they do not differ in any other respects than, as stated above, in the strength and thickness of their fibres, why should the colour not undergo a similar change in the right ventricle? But it is quite certain that blood withdrawn from the pulmonary artery is similar in all respects to venous blood, and is only reddish on the surface. Indeed, it will be shown by a very convincing experiment that this fresh red colour is not conferred on the blood by the left ventricle either. For, if the trachea is exposed [p. 165] in the neck and divided, a cork inserted, and the trachea ligatured tightly over it to prevent any ingress of air into lungs, then the blood flowing from a simultaneous cut in the cervical artery (or, at least, such blood as comes out some time after the asphyxiation of the lung) will be seen to be as completely venous and dark in colour, as if it had flown from a wound in the jugular vein. I have tried this fairly often, and the same truth is more evident still from the fact that the blood within the left ventricle of the heart and the trunk of the aorta of an animal, which has been strangled or has died a natural death, and in which air is prevented from passing into the blood, is found to be entirely akin to venous blood. 
